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Abstract 
A Pilot Study Evaluating the Effectiveness of a Novel Experimental Protocol for 
Depleting Self-Control 
Marie G. Colasanti 
Meghan L. Butryn, Ph.D. 
 
 
 
 
A routine of regular moderate-to-vigorous physical activity (MVPA) has significant 
health benefits; however, less than half of the United States population meets the 
federal guidelines for physical activity (PA). Initiation and maintenance of a PA 
routine remains challenging for the majority of the population. The limited strength 
model of self-control may offer a possible explanation as to why individuals have a 
difficult time with PA adherence, both in terms of initiating a bout of PA and short-
term effort during a bout of PA. There is a lack of research applying the limited 
strength model of self-control to PA in an ecologically valid context both in terms of 
a depletion task and dependent measures of short-term PA behavior. The current 
study piloted a depletion task that required participants to resist eating chocolate chip 
cookies in order to deplete self-control (cue exposure task). This study also evaluated 
the feasibility of novel measures of short-term PA behavior (plank exercise task and a 
short bout of jumping rope). Three phases of an iterative process were conducted to 
develop and refine an experimental protocol. Results from the final phase 
demonstrated that participants in the cue exposure depletion condition persisted 
longest at frustrating unsolvable puzzles compared to controls indicating that the cue 
exposure depletion task was not effective in depleting self-control and needs further 
refinement. Also an interaction between condition and the concern for dieting 
subscale of the revised restraint scale indicated the success of the manipulation may 
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depend upon motivation for dieting. For all participants, persistence at the unsolvable 
puzzles decreased as concern for dieting increased. Finally, the novel dependent 
measures of short-term PA behavior may be useful in examining effects of depletion 
on PA in a laboratory setting.  This evidence has the potential to inform protocol 
development for future studies aiming to examine the relationship between self-
control depletion and PA. 
 
    
 
   1 
 
Chapter 1: Introduction 
1.1 Physical Activity 
Physical activity (PA) is an integral part of a healthy lifestyle. A program of 
regular PA has significant health benefits. Regular PA can curb the symptoms of 
metabolic syndrome, a cluster of metabolic risk factors associated with the increased 
risk of cardiovascular disease and mortality (Kelley, Kelley, Roberts, & Haskell, 
2011). Daily PA helps to prevent cardiovascular disease and stroke by strengthening 
the heart muscle, raising high-density lipoprotein cholesterol concentrations, lowering 
low-density lipoprotein cholesterol concentrations, lowering blood pressure and 
improving blood flow (Semlitsch et al., 2013). Evidence also suggests that regularly 
engaging in PA is a highly effective way to reduce the risk of developing type 2 
diabetes mellitus (Colberg et al., 2010).  Furthermore, regular PA also has an impact 
on the risk of developing certain cancers; engaging in PA has been shown to protect 
against colorectal, breast, lung and colon cancer (Kokkinos, 2012; Wu, Zhang, & 
Kang, 2013). Along with improving energy, mood and cognitive functioning, regular 
PA has also been shown to reduce psychological disorders such as depression 
(Blondell, Hammersley-Mather, & Veerman, 2014; Josefsson, Lindwall, & Archer, 
2014).  For individuals engaged in weight control efforts, moderate-to-vigorous PA 
(MVPA) is associated with successful weight control (Gebel, Ding, & Bauman, 
2014). Despite the overwhelming and indisputable evidence of the benefits of 
maintaining a regular routine of PA, less than half of the US population meet the 
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federal guidelines of at least 150 minutes a week of moderate intensity aerobic PA 
(Haskell et al., 2007; U.S. Department of Health and Human Services, 2007).  
 
1.2 PA Adherence 
 
Initiating and maintaining a PA regimen is difficult for the majority of the 
population (Wing et al., 2001). Research examining adherence to PA regimens 
typically focuses on individual/internal influences, social influences and 
environmental barriers. Influences at the individual level include a lack of interest and 
time for PA, fatigue, emotional states that contribute to a lack of motivation such as 
depression and negative mood and poor self-efficacy for exercise (Huberty et al., 
2008; Trost, Owen, Bauman, Sallis, & Brown, 2002; Welch, McNaughton, Hunter, 
Hume, & Crawford, 2009). Poor physical health or chronic pain, especially in those 
overweight or obese, can impact an individual’s ability to safely and comfortably 
engage in PA (Olander et al., 2013).  Barriers to PA within the social sphere include 
lack of social support from family and friends to engage in PA, as well as cultural 
factors (Moschny, Platen, Klaaßen-Mielke, Trampisch, & Hinrichs, 2011). 
Environmental factors most commonly cited as influencing PA include lack of 
accessible exercise facilities, cost and available transportation (Andajani-Sutjahjo, 
Ball, Warren, Inglis, & Crawford, 2004). Overall, individuals who report these 
barriers to PA may perceive the health benefits associated with increasing PA as 
insufficient to outweigh the costs.  
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1.3 Limited Strength Model of Self-Control 
Interventions aimed at promoting PA often attempt to address social and 
environmental barriers to PA, and do so with limited success (Conn, Hafdahl, Cooper, 
Brown, & Lusk, 2009; Conn, Hafdahl, & Mehr, 2011). More innovative ways of 
examining (and ultimately, trying to influence) PA behaviors are needed. Self-control 
is an often-overlooked process at the core of behavior change. Lapses in self-control 
have been previously demonstrated as an important mediator of many health-related 
behaviors (Baumeister, Heatherton, & Tice, 1994). Individuals who have difficulty 
exercising restraint over their impulses, urges and desires may ultimately experience 
less success when attempting to change their PA behavior. 
Extensive research conducted by Baumeister and colleagues has suggested 
that self-control resources are finite and vulnerable to depletion (though eventually 
renewable) when an individual attempts to control their thoughts, emotions and 
behaviors. It has also been demonstrated that self-control is a global resource such 
that using self-control in one domain will affect the amount of resources that is 
available for an attempt at self-control in a different, potentially unrelated domain 
(Baumeister, Bratslavsky, Muraven, & Tice, 1998).  Baumeister’s limited strength 
model of self-control may offer a possible explanation as to why individuals have 
difficulty adhering to PA intentions, both in terms of initiating a bout of PA and 
short-term effort during PA. Individuals using self-control to regulate behavior in 
other domains may have inadequate resources available for regulating PA behavior. 
For example, those experiencing a high demand on their self-control resources in 
other areas of their life (i.e. social interactions, dieting, etc.) may have limited self-
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control resources available when they attempt to overcome a barrier or complete a 
planned bout of PA.  
1.4 Self-Control Depletion and PA 
Several lab-based experiments have examined the effects of self-control 
depletion on PA-related tasks (Bray, Martin Ginis, Hicks, & Woodgate, 2008; 
Muraven, Tice, & Baumeister, 1998; Tice, Baumeister, Shmueli, & Muraven, 2007; 
Vohs, Baumeister, & Ciarocco, 2005). In a series of studies by Muraven et al. (1998), 
individuals whose self-control was depleted from controlling their emotions, either 
through amplification or stifling, performed worse on a subsequent task of isometric 
handgrip persistence. In a study by Tice and colleagues (2007), participants in the 
depletion condition were instructed to complete a thought suppression task and 
subsequently performed worse than controls on the isometric handgrip task. Bray and 
colleagues (2008) also found similar results in a series of studies.  They found that 
participants who completed a depleting incongruent Stroop task showed greater 
decreases in a subsequent task of isometric handgrip persistence in comparison to 
those who were not depleted. However, these experiments have used behavioral 
measures such as the isometric handgrip as their sole dependent PA-related measure, 
which limits ecological validity. In addition to this limited dependent measure of PA, 
the previously mentioned studies also employed self-control depletion tasks limited in 
ecological validity. 
1.4.1 Limitations of Measurement in Existing Experimental Studies  
 A commonality to the previously described experiments is the use of the 
isometric handgrip as a test of physical and muscular endurance as well as an 
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indication of self-control depletion. The theory posits that as an individual’s hand 
becomes sore and tired from squeezing the handgrip, they must exert self-control to 
override the impulse to discontinue (Rethlingshafer, 1942; Thornton, 1939). Greater 
decrements in handgrip stamina are viewed as an indication of self-control resource 
depletion. However, it is unclear to what extent performance on the handgrip task is 
related to what choices an individual would make under similar circumstances about 
initiating or continuing a bout of PA, or how much effort would be exerted during a 
bout of PA.  
One study employed a more complex dependent PA measure, but did so in a 
sample of athletes (Dorris, Power, & Kenefick, 2012). Dorris and colleagues were 
able to demonstrate that self-control depletion reduced athletes’ persistence at a 
routine physical exercise. In a counterbalanced design with two phases, competitive 
athletes were instructed to complete press-ups and sit-ups to the point of exhaustion. 
In one phase, they completed an easy cognitive task and in another phase they 
completed a depleting cognitive task prior to the exercises. They found that athletes 
completed fewer press-ups and sit-ups following the depleting task than the easy task. 
However, it is unclear to what extent these findings are applicable to sedentary or 
moderately active individuals. These findings warrant replication in a sample of 
individuals with fitness and activity levels more comparable to the general 
population. 
In one of the first and only experiments to study the effects of self-control 
depletion on complex PA behavior in a sample of sedentary individuals, Martin Ginis 
and Bray (2010) subjected participants to a depleting cognitive task and then 
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monitored the amount of work performed during a bout of PA on a stationary bicycle 
in the laboratory. They found that when an individual’s self-control resources were 
depleted, they decreased the amount of effort exerted during the bout of activity. 
They also found that participants in the depletion condition reduced the intensity of 
PA they planned to do later in the experimental session to a much greater degree than 
participants in the control condition. Finally, they were able to demonstrate that 
vulnerability to the effects of self-control depletion predicted participants’ adherence 
to their self-determined PA plan over the following two months. This experiment is 
the first to suggest that self-control depletion may have a negative impact on physical 
tasks that involve more complex aerobic activity, other than simple isometric 
exercises, as well as intention and adherence in a non-athlete sample. 
There are several potential methods of extending these findings by Martin 
Ginis & Bray, and the studies mentioned previously, by using novel and 
multidimensional dependent measures of PA that assess short-term behavior, 
intention and adherence. In order to assess effort in short-term PA behavior, there are 
several standard PA tasks that can be feasibly performed in a laboratory setting. 
These tasks (isometric plank exercise task, short bout of jumping rope) may be 
suitable to provide the required outcome variables to evaluate the extent that self-
control depletion has an effect on effort exerted in short-term PA behavior. However, 
there is a need for their feasibility to be tested among individuals of average fitness 
levels. Another way to strengthen these findings would be to employ an objective 
measurement of adherence to a plan of PA. Research has established that individuals 
are poor estimators of their time spent in PA. Individuals typically overestimate 
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minutes spent and the intensity of a bout of PA (Dyrstad, Hansen, Holme, & 
Anderssen, 2014). There are now measures available of objective assessment of PA 
that provide more valid and reliable data than typically used self-report measures.  
1.4.2 Limitations of Depletion Tasks in Existing Experimental Studies 
All of the studies previously described have depleted individuals’ self-control 
using a contrived lab-based task, specifically designed to deplete self-control 
resources. These tasks, such as the incongruent Stroop, following a set of rules, 
unsolvable puzzles, and thought suppression tasks have been demonstrated as valid 
means of depleting individuals’ self-control, but are tasks that will rarely, if ever, be 
undertaken by individuals in a real-world setting (Hagger, Wood, Stiff, & 
Chatzisarantis, 2010). Considering that self-control is a global resource and has been 
implicated in many health-related behaviors (Baumeister et al., 1994; Baumeister et 
al., 1998), individuals attempting to regulate behavior performed in various domains 
(i.e. work, family, etc.) simultaneously will experience a demand on their available 
resources. A study is warranted to determine if a real-world self-control depletion 
task would exert the same effect on PA behavior as has been demonstrated by other 
lab-based depletion tasks.  
The taste and rate task, also known within the literature as a cue exposure 
task, is such a manipulation that has been previously utilized to deplete self-control 
within a laboratory setting, but more closely approximates a real-world circumstance. 
In one of the first experiments to provide evidence for the limited strength model of 
self-control, Baumeister and colleagues (1998) depleted participants’ self-control 
using this type of depletion task. Participants were set-up in a room with a bowl of 
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freshly baked chocolate chip cookies and a bowl of radishes. They were instructed to 
either taste and rate the chocolate chip cookies and refrain from eating the non-
assigned food (radishes) or taste and rate the radishes and refrain from eating the non-
assigned food (chocolate chip cookies). The depletion of self-control occurred when 
participants in the condition assigned to taste the radishes had to resist the urge to 
taste the cookies, while the assessor left them alone in the room to complete the task, 
despite it being relatively easy for participants to “sneak” a chocolate chip cookie. 
The findings indicated that those participants who exerted self-control by resisting the 
urge to eat the cookies, subsequently gave up much faster on unsolvable puzzles. 
Participants in the no depletion (chocolate chip cookie) condition spent an average of 
18 minutes persisting at the unsolvable puzzles, whereas participants in the self-
control depletion (radish) condition spent an average of only 8 minutes persisting at 
the unsolvable puzzles. Essentially, those participants who were required to exert 
self-control by resisting the urge to taste the cookies had fewer resources available 
when they attempted a difficult cognitive task, than those participants who were not 
depleted.  The researchers also gathered additional data to demonstrate that the 
difference in persistence on the unsolvable puzzles could be attributed to self-control 
depletion and not another construct such as task difficulty, mood or dieting status.  
Few studies have replicated these results using this type of food cue exposure 
to deplete self-control. An experiment by Geeraert and Yzerbyt (2007) was the only 
study identified that employed this real-world depletion task. As in Baumeister’s 
study, participants in the control condition also showed greater persistence on the 
unsolvable puzzle task than those subjected to a depletion of self-control by having to 
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resist tempting chocolate chip cookies. They were also able to confirm the success of 
their manipulation with additional data regarding fatigue, difficulty and effort. 
Participants in the depletion condition reported more temptation by the non-assigned 
food than those in the no depletion condition.  
This depletion task places individuals in a situation that closely resembles a 
real-life setting in which self-control is being depleted. In a recent nationally 
representative survey, 48% of adults reported currently pursuing weight control 
(Yaemsiri, Slining, & Agarwal, 2010). Those engaging in weight control efforts are 
often attempting to regulate eating behavior in addition to maintaining or increasing 
PA. In addition, our current food environment requires individuals to resist tempting 
food numerous times on a daily basis. One study found that individuals make over 
200 food-related decisions a day (Wansink & Sobel, 2007). This offers countless 
instances where individuals are resisting various aspects of food consumption, related 
to amount, type and frequency. For example, each time an individual makes a 
decision to resist indulging in a tempting food, their available self-control resources 
are vulnerable to depletion.  
1.5 Clinical Implications 
 
There are vast clinical implications for exploring the relationship between 
self-control depletion and PA behavior. These findings have the potential to suggest 
strategies to maximize the likelihood of adherence to a PA plan. It may be helpful for 
individuals to be aware of the risk of certain lifestyle factors that deplete self-control 
and the effect that depletion may have on their success in adopting and adhering to an 
exercise plan.  For example, those who are more vulnerable to self-control depletion 
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might do best to plan to exercise at times when they have not previously been taxed 
too greatly, i.e. in the morning instead of immediately after work. Also, the behavior 
of planning PA itself may best be undertaken at times when an individual has not 
already been depleted in self-control, such as on a Sunday evening, instead of the 
middle of a week day or after a taxing situation. For those individuals who inherently 
enjoy PA and report little difficulty adhering to a PA plan, self-control depletion may 
not greatly impact their PA behavior. However, for individuals who report difficulty 
with initiation and maintenance of a PA plan, self-control depletion is a valid 
concern.  
1.6 Proposed Study 
 
Linking the limited strength model of self-control and complex PA behavior is 
a novel paradigm. There is a lack of evidence for standard procedures for applying 
this model of self-control in an ecologically valid context, specifically in terms of 
measuring complex PA behavior, its use as an outcome variable and self-control 
depletion tasks.  For this reason, a pilot study was warranted to evaluate and refine an 
experimental protocol. A novel depletion task and measures of short-term PA 
behavior were evaluated in terms of effectiveness and feasibility during an iterative 
process. The experimental protocol was tested in iterations, or phases, each involving 
minor modifications resulting from analysis of the data following each phase.  
Participants were initially intended to be randomized to one of three 
conditions: depletion via cue exposure task, depletion via cognitive task, or no 
depletion (control condition). A fourth condition was added during the iterative 
process (control condition without PA). There were two depletion conditions because 
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the depletion task chosen to maximize ecological validity (cue exposure) was 
exploratory and does not yet have a strong body of evidence demonstrating validity. 
The cue exposure task depleted self-control by influencing participants to resist the 
urge to eat a tempting food, namely freshly baked chocolate chip cookies. In the 
standardized version of the depletion task, participants completed a frequently 
employed cognitive task (crossing-out letters task) that prompted them to override an 
impulse. This study also evaluated novel measures of short-term PA behavior by 
requiring participants to complete pre-test PA tasks (isometric plank task, jumping 
rope) prior to the depletion or control manipulation in order to examine feasibility and 
potential for PA tasks to be used as dependent measures.  
 
1.6 Aims and Hypotheses 
1.6.1 Primary Aim 
 
1. Primary aim 1 was to investigate the effectiveness of depleting self-control 
via a novel experimental manipulation (cue exposure).  
a. Primary hypothesis 1 was that participants in the depletion 
conditions would demonstrate less persistence on the dependent 
measure of self-control (unsolvable puzzles), compared to control 
participants. 
1.6.2 Secondary Aims 
 
1. Secondary aim 1 was to investigate whether gender, dietary restraint, body 
parts satisfaction or trait levels of self-control would moderate the relationship 
between condition and degree of self-control depletion.  
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2. Secondary aim 2 was to investigate whether pre-test performance on 
measures of short-term PA behavior would be associated with relevant 
participant characteristics that may need to be accounted for in future 
research.  
3. Secondary aim 3 was to test the feasibility of employing novel measures of 
short-term PA behavior.   
1.6.3 Exploratory Aim 
 
1. The exploratory aim was to assess participants’ reactions to the 
experimental protocol using debriefings and interviews with assessors to 
inform future research, specifically experimental procedures for depleting 
self-control resources in a laboratory setting. 
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Chapter 2: Methods 
2.1 Participants 
 
This study included Drexel University students (n=64) recruited from 
undergraduate psychology courses. Participants received extra credit for their 
participation. Participants ineligible for extra credit were compensated $10 for their 
participation.  
On average, participants were 20.20 years (SD = 2.24) at the time of 
participation in the study and had an average BMI of 23.70 (SD = 3.95) within a 
range of 17.96-35.81. A slight majority of participants were female (56.3%, n = 36).  
2.1.1 Inclusion and Exclusion Criteria 
 
 In order to be eligible for the study, participants were required to be between 
the ages of 18-35, not currently pregnant, have no food allergies, have a BMI < 40 
and were able to exercise vigorously for 15 minutes. On a scale of 1 (no enjoyment) 
to 5 (high enjoyment) participants were asked to rate their enjoyment of chocolate 
chip cookies. Participants must have rated a 3 or above to be eligible for the study.   
2. 2 Recruitment 
2.2.1 Phone Screen 
Potential participants first completed a phone screen to assess their interest and 
eligibility.  Participants were given a brief explanation of the aims of the study. They 
were not informed that the study was examining self-control, rather, that we were 
examining the relationship between several health-related behaviors: appetite, PA and 
cognitive function. They were told that they would be completing various PA tasks, a 
taste test and problem solving tasks during a study visit. During the phone screen, 
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they were asked to rate their enjoyment of a variety of sweet and salty snacks. We 
were specifically interested in their enjoyment of chocolate chip cookies, but did not 
want to draw attention to that specific food. They were asked questions from the 
Physical Activity Readiness Questionnaire (PAR-Q) in order to determine that they 
are medically able to engage in PA.  
Following the phone screen, eligible participants were invited to schedule an in-
person study visit. They were given instructions to abstain from eating and drinking 
(other than water) for 4 hours prior to their visit and to arrive to their visit in exercise 
clothing. All visits were scheduled after 11am to reduce variability in hunger. 
Participants were asked to fast prior to their visit in order to amplify the effects of the 
cue exposure task, however, they were informed that the fasting was necessary to 
produce adequate hunger for the taste test. We expected that participants who were 
food-deprived would experience a greater amount of temptation when presented with 
freshly baked chocolate chip cookies. All participants received a reminder email the 
night before their visit to ensure these instructions were followed. 
Recruitment took place during the winter and spring months of the 2014-2015 
Academic Year at Drexel University. Recruitment was higher at the end of the Winter 
Quarter when students were seeking out means of obtaining extra credit. Flyers were 
hung in high traffic locations throughout Drexel University Main Campus. The study 
was advertised on Drexel University’s Psychology Research System website for 
students to receive extra credit for their participation. Research staff visited lecture-
sized classes to directly advertise to students.  
.  
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2.3 Study Design 
 
A randomized, experimental design was used. Participants were randomly 
assigned to one of three conditions: cue exposure depletion, cognitive depletion, and a 
control condition. 
2.3.1 Study Visit 
 
See Figure 1 for an illustration of the sequence and timing of tasks during the study 
visit.  
Pre-test. At the start of the visit, participants were given a brief description of the 
study, had the opportunity to ask questions and signed informed consent. First, 
participants completed several self-report questionnaires within the testing room: 
Revised Restraint Scale (RRS), Body Parts Satisfaction Scale - Revised (BPSS-R), 
Self-Control Scale (SCS), and rating of subjective hunger (see Measures). Height and 
weight were also measured to determine BMI. 
Participants then completed three pre-test PA tasks. First, participants completed 
the isometric handgrip task (see Measures for instructions). They were instructed 
maintain a handgrip squeeze for as long as possible. The assessor timed the duration 
of the handgrip squeeze, but this information was not available to the participant. 
Next, all participants completed the isometric plank exercise task. The plank 
exercise is a body weight resistance exercise that involves the use of multiple muscles 
groups, particularly surrounding the core, to maintain a push-up position while resting 
on the forearms (Hibbs, Thompson, French, Wrigley, & Spears, 2008). Participants 
were instructed regarding the correct positioning for the exercise (see Measures for 
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instructions). They were asked to hold the position for as long as physically possible. 
The assessor timed the duration of the exercise, but this information was not available 
to the participant. Participants were asked to report their rating of perceived exertion 
(RPE) immediately following the trial using the Borg Rating of Perceived Exertion 
Scale (Borg, 1998; see Appendix B) from 6 (minimal) to 20 (maximum).  
Following the plank task, participants completed the jump rope task. They were 
asked to jump rope as quickly as possible for three minutes. They were able to take a 
break when needed and asked to begin again as soon as possible. Again, the assessor 
timed the duration of the exercise, but this information was not available to the 
participant. Participants were asked to report their RPE immediately following the 
trial. 
Experimental Manipulation. Following the pre-test PA tasks, participants were 
escorted to a second assessment room to complete the self-control depletion or 
control task.  
 Cue exposure depletion. For participants in the cue exposure depletion condition, 
there was a table with a plate of bite sized pieces of freshly baked chocolate chip 
cookies. The cookies were baked in the room just prior to the visit in a toaster oven so 
that the tempting smell of cookies permeated the room. Once baked, the cookies were 
broken into 8 pieces and arranged on the plate. A picture was taken of the placement 
of the cookie pieces. Participants were told, “We are now going to complete a brief 
taste test. Please eat this (pointed to a piece of cookie on the plate) piece and answer 
these questions regarding taste, aroma, and visual appeal.” They were given a 
questionnaire to fill out during their tasting of the cookie (see Measures). Once they 
 
 
17 
completed the questionnaire, the assessor said, “The next portion of the study visit is 
not quite ready. Please wait in this room and I will be back in a few minutes. Also, 
please refrain from eating the cookies while I’m gone.” The assessor then left the 
room for ten minutes. A stopwatch was used to measure the time the participant was 
waiting in the room with the chocolate chip cookies. After the ten minutes had 
passed, the assessor entered the room and said to the participant, “Thank you for 
waiting. We are now set-up for the next portion of your study visit.” The assessor 
placed the plate of chocolate chip cookies on a shelf out of sight. Following the visit, 
a tally of cookies was also taken to ensure the participant followed instructions to 
refrain from eating the cookies while the assessor left the room, along with a visual 
comparison of the plate to the picture taken prior to the visit of the placement of the 
cookie pieces. The assessor then said, “We are now going to complete a problem 
solving task.”  
Cognitive depletion. Following the pre-test PA tasks, participants in the cognitive 
depletion condition were escorted to a similar room, where an ounce of 2% milk was 
waiting on the table. An ounce of 2% milk was determined to contain similar amounts 
of nutrients to a piece of chocolate chip cookie in order to reduce variability in hunger 
and satiation. The assessor said, “Next, I’m going to have you complete a brief taste 
test.” They were asked to drink the ounce of milk and rate the taste on a scale of 1 
(not enjoyable) to 5 (very enjoyable).  
Following the taste test, they spent ten minutes completing a frequently used task 
designed to deplete self-control by requiring participants to override an impulse. This 
task is referred to within the literature as the crossing-out letters task (Baumeister et 
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al., 1998). A recent meta-analysis has demonstrated that the crossing-out letters task 
is one of the most frequently used self-control depletion tasks with a large effect (d = 
.77) and has presented no significant difference across various moderator groups such 
as duration of the task and presence of an interim period (Hagger et al., 2010). 
Participants were given a sheet of paper with uninteresting, complicated text (chosen 
to minimize participants’ engagement with content) and instructed to cross out every 
instance of the letter “e.” This develops a well-ingrained behavioral response. Once 
completed, they were given another text similar in content and instructed to cross out 
every instance of the letter “e” only if it is followed, preceded or one letter removed 
from a vowel. This prompts participants to control an impulse or override a habitual 
response. Following the completion of the cognitive task, the assessor said, “We are 
now going to complete a problem solving task.”  
Control condition. Participants in the control condition were escorted to a similar 
room, where an ounce of 2% milk was waiting on the table. The assessor said, “Next, 
I’m going to have you complete a brief taste test.” They were asked to drink the 
ounce of milk and rate the taste on a scale of 1 (not enjoyable) to 5 (very enjoyable).  
Following the taste test, participants were told, “Materials for the next task need 
to be prepared. Please wait here quietly until I return.” The assessor then left the room 
for ten minutes. A stopwatch was used to measure the time the participant was 
waiting in the room quietly. After the ten minutes had passed, the assessor entered the 
room and said to the participant, “Thank you for waiting. We are now set-up for the 
next portion of your study visit.”  
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Manipulation Check. Following the completion of the self-control depletion or 
control tasks, the assessor then stated, “I have a few questions for you to answer 
before we move onto the next task.” Participants were asked to rate their level of 
fatigue, difficulty following instructions and for those in the cue exposure depletion 
condition, their level of temptation to eat the cookies while the assessor had left the 
room. These questions served as a manipulation check.  
Dependent Measure. After the completion of the manipulation check, the assessor 
said, “Next, we are going to complete a problem solving task. The point of this task is 
to trace over all lines of the figure, without tracing over any line twice and without 
lifting your pen from the paper. You may take as long as you’d like and use as many 
sheets of paper as you need; you will not be scored on either of those two things. You 
will be scored on whether you are able to finish tracing the figures (i.e. solve the 
puzzle). Please let me know if you’d like to give up before you solve the puzzle.” 
The problem solving task was adapted from the unsolvable puzzle task used in 
the original study by Baumeister & colleagues (1998) that demonstrated resisting a 
tempting food depletes self-control. Participants were given three stacks of paper. The 
first two stacks of paper were simple, solvable puzzles meant for practice and to 
increase self-efficacy. Unbeknownst to participants, the third puzzle was unsolvable. 
Participants were timed from the moment they began the unsolvable puzzle until they 
indicated that they wanted to give up. This time served as the dependent measure of 
degree of self-control depletion.  
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2.3.2 Iterative Process 
 
  Participants completed the experimental protocol in three phases, each 
involving minor modifications resulting from analysis of the data following each 
phase. A fourth condition (control without PA) was added that entailed participants 
completing all sections of the control condition with the exception of the PA tasks 
preceding the easy version of the crossing out letters task. See Results and Discussion 
sections for rational for each modification during the iterative process of developing 
the experimental protocol. 
2.4 Measures 
2.4.1 Self-report 
 
Body Parts Satisfaction Scale - Revised (BPSS-R). Participants were asked to 
rate their level of satisfaction with body parts taken from the BPSS-R (Berscheid, 
Walster, & Bohrnsteldt, 1973), a frequently used measure of appearance satisfaction 
shown to have good internal consistency and predictive validity (Frederick, 
Bohrnstedt, Hatfield, & Berscheid, 2014; Stice, 2001). Specifically, participants rate 
on 6-point scales from “extremely satisfied” to “extremely dissatisfied”  how they 
feel about various body parts such as facial attractiveness, shoulders, arms, hands and 
overall shape. Ratings were averaged for analyses. 
Revised Restraint Scale (RRS). The RRS is a 10-item measure designed to 
assess dieting status (Herman & Polivy, 1980). The scale is comprised of two 
subscales (1) weight fluctuation, which assesses history of weight fluctuation and (2) 
subjective concern with dieting, which assesses attitudes towards dieting. Items are 
rated on a 4 to 5-point Likert scale with a total possible score of 35. The RRS has 
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demonstrated good psychometric properties. Rudderman (1983) found high internal 
consistency in a sample of normal-weight college women (R = .89). This 
questionnaire is typically administered in conjunction with food cue exposure tasks to 
control for the influence dieting status may have on participants’ attitudes and 
behaviors towards the assigned food (Geeraert &Yzerbyt, 2007). 
Self-control Scale (SCS). The SCS is a 10-item measure designed to assess 
individuals’ ability to control their impulses, alter their emotions and thoughts, and 
also to interrupt undesired behavioral tendencies and refrain from acting on them. The 
scale has demonstrated adequate internal consistency (alphas between .83 and .85), 
test–retest reliability over a period of 3 weeks (alpha =. 87), and validity (Tangney, 
Baumeister & Boone, 2004).  
Manipulation Check. Participants completed a manipulation check following 
the depletion and control tasks, similar to previous studies that have manipulated 
depletion of self-control resources (Bray et al., 2013). Participants in all conditions 
rated their level of fatigue after the manipulation on a scale of 1 (not tired at all) to 5 
(extremely tired). They also rated the level of effort exerted to comply with 
instructions during the manipulation on a scale of 1 (little difficulty) to 5 (extreme 
difficulty). Participants in the cue exposure condition rated the amount of temptation 
experienced by the food in the room on a scale of 1 (not tempted at all) to 5 
(extremely tempted).  
Borg Rating of Perceived Exertion Scale. The Borg RPE scale is a tool used to 
estimate exertion, effort and fatigue during physical tasks. Participants were asked to 
report their rating of perceived exertion (RPE) immediately following the trial using 
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the Borg Rating of Perceived Exertion Scale from 6 (minimal) to 20 (maximum; 
Borg, 1998; see Appendix B). RPE data were used to ensure conditions were 
equivalent on effort exerted during the pre-test PA tasks, as well as examine if any 
relevant participant characteristics were related to performance on the PA tasks.  
2.4.2 Behavioral 
 
Isometric handgrip task. Change in isometric handgrip persistence is one of 
the most frequently used procedures to determine self-control depletion (Hagger et al. 
2010); persistence time decreases as resources become increasingly depleted. 
Previous studies that have employed this measure time how long a participant can 
keep a crumpled wad of paper hinged between the two handles of the handgrip 
(Muraven et al., 1998). Once the paper falls, the timer is stopped and time in seconds 
is used as the dependent variable of interest to determine self-control strength and 
capacity. For the current study, a paper clip was wedged between the two handles of 
the handgrip. This was determined to be a superior method than a using a crumpled 
wad of paper due to the size of the paper clip remaining consistent across trials.  
Isometric Plank Exercise Task. The plank exercise is a full-body strength exercise 
involving multiple muscle groups. Participants must maintain a push up position 
while resting on the forearms, with their full body parallel to the ground. This type of 
isometric exercise requires little to no practice or coordination and is dependent upon 
the amount of effort exerted (Tong, Wu, & Nie, 2014).  Participants were instructed 
to maintain the plank position for as long as physically possible. Once participants 
reached the point of exhaustion while performing the exercise, they were instructed to 
lower their knees to the ground.  The assessor timed the duration of the exercise 
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starting from the initial positioning of the plank to when the participants’ knees 
touched the ground. Before the task started, the assessor ensured that the participant 
was aware of the correct form for the exercise. 
Jumping rope task. Participants were asked to complete a three minute bout of 
jumping rope, where activity was measured via a tri-axial accelerometer worn around 
their waist. This device captures various levels of intensity of PA, in addition to step 
counts. It has proven to be a valid and reliable assessment of free-living PA in various 
populations. Few previous studies have been conducted where accelerometers were 
utilized to determine activity levels during jumping rope (Jimmy et al., 2013; Puyau, 
Adolph, Vohra, & Butte, 2002). These studies employed accelerometers to measure 
energy expenditure during playground activity. In the current study, step counts were 
needed for a discrete amount of time (three minutes). For this reason, accelerometers 
were tested in a subset of participants (n =12) in order to determine feasibility for 
future studies. Participants were instructed to jump rope for three minutes as quickly 
as possible. They were able to take a break when needed and asked to begin again as 
soon as possible.  
Accelerometer data were analyzed using ActiLife software. Each data file was 
trimmed to exclude activity outside the three minutes of wear time during the 
jumping rope task. Step counts for each participant for the three minute bout were 
determined from output generated from the ActiLife software.  
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2.5 Data Analysis 
 
2.5.1 Statistical Analyses 
 
All data analyses were performed using SPSS Statistics 22. Transformations 
were made to correct for skewness for time spent on unsolvable puzzles. Differences 
between conditions were evaluated in terms of BMI, subjective rating of hunger, 
gender and age, as well as, level of restrained eating (RRS), body parts satisfaction 
(BPSS), trait self-control (SCS) and effort exerted during PA tasks (RPE) using an 
analysis of variance (ANOVA).  
Manipulation check: In order to evaluate the success of the manipulation in 
depleting self-control resources, participants in each condition completed a 
manipulation check that measured fatigue, effort, and temptation directly following 
the manipulation or control task. Descriptive statistics were computed for each of the 
manipulation check items. These scores were compared among the four conditions 
using an ANOVA.  
Primary Hypothesis: The primary hypothesis was that participants in the 
depletion conditions would demonstrate less persistence on the dependent measure of 
self-control (unsolvable puzzles), compared to control participants. This hypothesis 
was evaluated using a one way analysis of covariance (ANCOVA) with condition as 
the independent variable and time spent on the unsolvable puzzles (in minutes) as the 
dependent variable and levels of trait self-control as the covariate. Due to the iterative 
process of developing the experimental protocol, the primary hypothesis was 
evaluated at three time points in order to inform modifications for each phase of 
development.   
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Secondary Hypotheses: Secondary hypothesis 1 was that gender, dietary 
restraint, body parts satisfaction and trait levels of self-control would moderate the 
relationship between condition and degree of self-control depletion. This hypothesis 
was evaluated using a regression analysis for each potential moderator.  
Secondary hypothesis 2 was that pre-test performance on measures of short-
term PA behavior would be associated with relevant participant characteristics that 
may need to be accounted for in future research. This was evaluated using bivariate 
correlations. Bivariate correlations were conducted separately for male and female 
participants due to the role gender plays both in pre-test performance in PA behavior, 
as well as participants’ characteristics such as  satisfaction and dietary restraint. To 
determine meaningful gender differences, the Fisher r to z transformation was 
calculated to assess the significance of the difference between the two correlation 
coefficients. In order to evaluate the feasibility of employing these novel measures of 
short-term PA behavior, descriptive statistics were calculated.  
Exploratory Aim: In order to evaluate the exploratory aim of gathering 
information to inform future research, specifically experimental procedures for 
depleting self-control resources in the lab and utilizing novel measures of PA 
behavior, participant debriefings and interviews with study assessors were conducted.  
2.5.2 Power Analysis  
 
Based on effects observed in previous studies investigating the effects of self-
control depletion on handgrip persistence (Bray, et al., 2008; Muraven et al., 1998), 
we anticipated a medium to large effect size. For primary hypothesis 1, G*power 
(Faul, Erdfelder, Lang, & Buchner, 2007) recommended 29 participants per condition 
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in order to have 80% power to detect significant between-group differences with 
alpha = .05. A sample size of 64 was achieved, with 16 participants per condition and 
observed power for each for analysis was reported. As the sample size did not provide 
enough power for all analyses, we focused on effect sizes in addition to formal 
significance. 
2.6 Ethical Considerations 
 
The Institutional Review Board of Drexel University approved the protocol 
for this study before commencement. Participants completed informed consent prior 
to participation in the study.  Names and personal identifying information were not 
associated with the collected data, as all participants were assigned an ID number that 
was used to label data. Data collected from the study were stored in a locked filing 
cabinet in the laboratory, and consent forms were kept separately from participant 
data so that no identifying information was associated with any data file.  
In order to ensure participants were medically able to complete the PA tasks, 
they were instructed to complete the Physical Activity Readiness Questionnaire 
(PAR-Q) and discuss any illnesses or physical limitations that may have put them at 
risk during the tasks.  Participants were closely monitored during all of the PA tasks 
and were provided with a place to rest or water if needed. 
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Chapter 3: Results 
3.1 Preliminary Analyses 
3.1.1 Between-condition comparison 
 
 The four conditions were equivalent on age (M = 20.20, SD = 2.24), BMI (M 
= 23.71, SD = 3.95) and gender. They were also equivalent on relevant assessment 
measures:body parts satisfaction, restraint, restraint subscales (concern for dieting and 
weight fluctuation) and hunger at time of study visit. The conditions differed 
significantly on measures of trait self-control (F(3,60) = 4.160, p = .01; see Table 1). 
Levels of trait self-control were significantly higher in the two control conditions 
(control and control without PA); therefore trait self-control was included as a 
covariate in all analyses. There was also no difference among conditions in amount of 
effort exerted during the PA tasks (RPE).   
3.1.2 Manipulation Check 
 
 The assessor took before and after photos of the plate of cookies for each 
study visit involving the cue exposure condition to ensure that no cookies were eaten 
while the assessor left the room. All participants followed instructions. Participants’ 
level of fatigue did not differ significantly among conditions (F(3,60) = 2.4, p = .07), 
however level of difficulty with following instructions during the task did differ 
among conditions (F(3,60) = 6.39, p = .001), where participants in the cognitive 
depletion condition found the task more difficult (see Table 2).  
3.2 Primary Aims 
 
Primary analyses were conducted using one-way ANCOVAs in order to 
compare conditions on the dependent variable of persistence (in minutes) on 
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unsolvable puzzles. The dependent variable was transformed to correct for a positive 
skew. Analyses were conducted following each phase of development of the 
experimental protocol in order to inform iterations. Trait self-control was included as 
a covariate for each analysis (see Table 3 for complete results). 
Phase 1. Following Phase 1 (n = 18), comparisons demonstrated no 
significant difference among the three original conditions (F(2,14) = 1.56, p = .25). 
However, effect sizes were examined and indicated that, on average, participants in 
the cue exposure depletion condition were persisting longer at the unsolvable puzzles 
than participants in the cognitive depletion and the control condition. This pattern was 
contrary to the expected effect.  
An attempt to rectify this incongruity involved modifying the control 
condition and keeping the cue exposure depletion and the cognitive depletion 
conditions unchanged. It was hypothesized that a significant difference was unable to 
be detected because the control condition was producing comparable levels of 
depletion to the depletion conditions. Participants in the control condition were asked 
to sit quietly in the assessment room for 10 minutes while the assessor “prepared the 
rest of the study visit materials.” In addition to sitting quietly, they were denied 
access to their belongings, cell phone or any other time-keeping device. The 
assessment room was also devoid of any stimulating content. This situation may have 
been producing depletion. Therefore, the control condition was modified so that 
participants completed the easy version of the crossing out letters task, where they 
were instructed to cross out all instances of the letter “e” in a sheet of text. The easier 
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version of the crossing out letters task is the most frequently used control condition 
for this depletion task (Hagger et al., 2010). 
Phase 2. At the completion of Phase 2 (Phase 2 n = 13; total n = 31), primary 
analyses were conducted for a second time excluding the controls from Phase 1. The 
analysis yielded no significant difference among conditions (F (2,27) =1.51, p = .24). 
Again, effect sizes were examined and indicated that, on average, participants in all 
three conditions were persisting for similar lengths of time on the unsolvable puzzles 
task. It was hypothesized that depletion was occurring equally among conditions as a 
result of the demanding PA tasks completed by all participants prior to the depletion 
or control task. Engaging in PA has been demonstrated to require significant self-
control resources (Hagger, Chatzisarantis, & Biddle, 2002). To test this hypothesis, a 
fourth condition was developed where participants completed all aspects of the 
control condition (easy version of crossing out letters), with the exception of the pre-
test PA tasks.  
Phase 3. A final phase of the iterative process was completed (Phase 3 n = 28; 
total n = 59) and analyses were conducted again excluding the controls from Phase 1. 
The comparison demonstrated a trend that approached significance (F (3,54) = 2.63, p 
= .06), in addition to a medium effect (see Figure 2). Effect sizes indicated that, on 
average, participants in the control without PA condition were persisting for the 
greatest amount of time on the dependent measure of the unsolvable puzzles task. 
Post hoc comparisons also revealed a significant difference between the control and 
control without PA conditions (F(1,24) = 4.70, p = .04, p2 = .16), where participants 
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in the control without PA condition were persisting the longest on the dependent 
measure.  
3.3 Secondary Aims 
 
In order to evaluate the moderating effects of gender, body parts satisfaction, 
restraint, restraint subscales (concern for dieting and weight fluctuation) and trait self-
control, regression analyses were conducted. First, correlations were run for each 
variable (see Tables 4 & 5). Each variable was tested as a moderator of the 
relationship between condition and the dependent measure of persistence on 
unsolvable puzzles. For each analysis, an interaction term was created between 
condition and the aforementioned moderators. Persistence on unsolvable puzzles was 
then regressed onto the moderator, condition, and the interaction terms (see Table 6 
for complete results).   
The only significant interaction observed was for the concern for dieting 
subscale of the restraint scale. The model including the interaction terms predicted 
significant variability in persistence on unsolvable puzzles, (r2 = .25, F(7, 56) = 3.40, 
p = .02), suggesting that the effect of condition depended on reported levels of 
concern for dieting. For all participants, persistence on the unsolvable puzzles 
decreased as concern for dieting increased. This relationship was strongest for those 
in the control without PA condition (see Figure 2).   
In order to evaluate the novel measures of short-term PA behavior in a 
laboratory setting (jumping rope task, plank task) descriptive statistics were 
calculated for both tasks. On average, female participants held the plank position for 
63.19 seconds (SD = 30.33) and males maintained the plank for 82.64 seconds (SD = 
 
 
31 
37.95). For the jump rope task, a subset of participants (n = 12) wore accelerometers 
in order to calculate a total step count during the task. On average participants 
completed 284.83 (SD = 91.48) steps during a three minute bout of jumping rope. 
Correlations were also conducted by gender to determine if effort exerted during the 
PA tasks was related to relevant participant characteristics that may need to be 
accounted for in future research. For male participants, there was a significant 
negative correlation between RPE during the jump rope task and ratings of body parts 
satisfaction (r = -.51, p < .05) and a significant difference between genders for this 
correlation (Fisher z = -2.24, p <.05). For female participants, there was a significant 
positive correlation between persistence at the handgrip task and persistence at the 
plank task (r = .49, p < .05) as well as a significant positive correlation between rating 
of perceived exertion during the plank task and the jump rope task (r = .42, p < .05; 
see Tables 6 & 7 for all correlations). Qualitative information was obtained from 
assessors to assess feasibility of the PA tasks. All participants were able to 
successfully complete the plank task, however, four participants were unable to jump 
rope well enough to sufficiently complete the task.  
3.4 Exploratory Aims 
 
Participant debriefings and interviews with assessors were conducted to obtain 
data to inform future research, specifically experimental procedures for depleting 
self-control resources in a laboratory setting and utilizing novel measures of PA 
behavior. A subset of participants from Phase 3 (n = 13) were asked several questions 
regarding the dependent measure of unsolvable puzzles to assess its validity as a 
measure of persistence. Participant and assessor responses were coded into relevant 
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categories. An overwhelming majority (n = 12) did believe the puzzles were solvable 
and cited some form of frustration as their main reason for giving up on the puzzle. 
Only one participant mentioned a concern regarding the time during the visit as a 
reason for giving up and one participant mentioned fatigue as the main reason for 
giving up.  
Several participants in the cue exposure depletion condition (n = 5) were 
asked questions regarding their experience with the chocolate chip cookie task. They 
were asked, “What were you thinking when you were asked to ‘refrain from eating 
the cookies’?” Several participants mentioned that it would be tempting and 
challenging. One participant stated “this kind of sucks because it smells really good in 
here.” They were also asked, “If you thought you could have gotten away with eating 
another piece of cookie, would you have. Why or why not?” The majority of those 
surveyed answered “yes,” but mentioned reasons for not eating another piece of 
cookie such as “Since you told me not to eat them, I wouldn’t have done it,” or “Yes, 
if I knew there weren’t going to be any consequences.” 
Participants in the cue exposure depletion condition also completed a taste and 
rate questionnaire for the chocolate chip cookies, ensuring that the cookies were 
appealing enough to produce temptation. Participants were asked to rate visual 
appearance, aroma and taste on scale from 1(not at all appealing) to 5 (extremely 
appealing). On average participants rated the cookies as visually appealing (M = 3.75, 
SD = 1.25), very aromatically appealing (M = 4.19, SD = 1.11) and appealing in terms 
of taste (M = 3.81, SD = .91). Assessors were asked to provide potential hypotheses 
for a lack of depletion in the cue exposure depletion condition. Assessors mentioned 
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that participants who completed the cue exposure task seemed extremely adherent 
and for this reason were not tempted by the chocolate chip cookies.  
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Chapter 4: Discussion 
4.1 Current Study 
Research has demonstrated that engaging in regular PA has significant health 
benefits, however, maintenance of a PA routine remains challenging for the majority 
of the population. The limited strength model of self-control provides a potential 
explanation for why individuals experience difficulty adhering to PA intentions, both 
in terms of initiating a bout of PA and short-term effort during a bout of PA. To 
effectively change behavior, individuals must exercise restraint over their impulses, 
urges and desires by using self-control. Individuals may need to exercise self-control 
when engaging in PA. There is a lack of research applying the limited strength model 
of self-control to PA in an ecologically valid context both in terms of a depletion task 
and dependent measures of short-term PA behavior. The current study aimed to 
evaluate effectiveness and feasibility of employing an ecologically valid depletion 
task as well as using novel measures of short-term PA behavior. Three phases of an 
iterative process were conducted in order to inform the development of the 
experimental protocol and provide direction for future studies within this line of 
research.  
4.2 Main Outcomes 
Final analyses of the primary aim indicated that self-control depletion was not 
occurring as expected within both depletion conditions (cue exposure and cognitive 
task). Participants among all three conditions were spending similar amounts of time 
persisting at the unsolvable puzzles. The pattern observed was contrary to the primary 
hypothesis that participants in the depletion conditions would demonstrate less 
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persistence on the dependent measure of self-control (unsolvable puzzles), compared 
to control participants. Effect sizes demonstrated that participants in the cue exposure 
depletion condition were spending the greatest amount of time persisting at the 
unsolvable puzzles, indicating that the cue exposure manipulation was not effective at 
producing self-control depletion.  
The utilization of an iterative process of refining the experimental protocol 
allowed for modifications resulting from analysis of the data following each phase. 
Each modification facilitated a minor shift in the pattern of results in the expected 
direction, however none of the modifications entirely corrected the issue so that the 
cue exposure manipulation could be considered effective. During Phase 1, an initial 
attempt to rectify this incongruity involved modifying the control condition so that 
participants completed the easy version of the crossing out letters task, where they 
were instructed to cross out all instances of the letter “e” in a sheet of text. It was 
hypothesized that control participants were experiencing levels of depletion 
comparable to the depletion conditions so that the anticipated pattern of results could 
not be detected. However, this modification did not produce a significant change 
during Phase 2.  
Following Phase 2, it was hypothesized that depletion was occurring equally 
among conditions as a result of the physically demanding PA tasks completed by all 
participants prior to the depletion or control task. To test this hypothesis, a fourth 
condition was created where participants completed all aspects of the control 
condition (easy version of crossing out letters), with the exception of the pre-test PA 
tasks.  This modification produced a considerable trend towards significance, where 
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participants in the control without PA condition were spending the greatest amount of 
time persisting at the unsolvable puzzles. In other words, those participants were 
experiencing the lowest level of self-control depletion.  It may be that a ceiling effect 
was being observed so that participants who completed the pre-test PA tasks 
experienced such a degree of self-control depletion so that the depletion manipulation 
had no effect on persistence on the unsolvable puzzles. Also, comparing results to the 
original study the cue exposure task was adapted from indicated that once the pre-test 
PA tasks were removed, participants in the current study were closer to spending 
comparable amounts of time persisting at the unsolvable puzzles to those in the 
control condition of the original study by Baumeister and colleagues (1998).  
Furthermore, comparisons between the control condition and the control 
without PA conditions revealed the greatest difference between conditions at time 
spent persisting at the unsolvable puzzles. The sole difference between these two 
conditions was the PA tasks (plank task and jump rope task), prior to the completion 
of the easy version of the crossing out letters task. This provides clear support for the 
depleting effects of the PA tasks. This finding has critical implications for the 
development of experimental protocols that employ PA tasks in a laboratory setting, 
specifically for use as dependent measures vulnerable to self-control depletion. In the 
current study, only a pre-test trial of the PA tasks was completed prior to the 
depletion or control task. However in future studies linking self-control depletion and 
PA, PA tasks would be completed as pre-test and post-test measure so that change 
scores can be calculated to determine how vulnerable PA behavior is to self-control 
depletion from a manipulation of depletion in a different domain (e.g. cognitive). An 
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alternative experimental design needs to be considered for future studies aimed at 
linking self-control depletion and PA in a laboratory setting. To minimize the 
depleting effects of the pre-PA tasks, there may need to be more time between the 
pre-PA tasks and the manipulation tasks to allow for self-control resources to be 
replenished. For example, pre-test PA tasks could be completed during a separate 
study visit than the depletion or control tasks and the post-test PA tasks.  
A manipulation check question revealed that participants who were placed in 
situation where they had to resist the chocolate chip cookies (cue exposure) reported 
higher levels of fatigue following this task, compared to participants in the other three 
conditions. This difference approached significance and produced a large effect. This 
suggests that the cue exposure manipulation may have had an immediate effect, but 
was so short-lasting that participants’ self-control resources were replenished by the 
time they began working on the unsolvable puzzles.  
Prior to enrolling in the study, participants were asked to rate their enjoyment 
of chocolate chip cookies. On average, participants in the cue exposure depletion 
condition rated moderate enjoyment of chocolate chip cookies. It is possible that the 
chocolate chip cookies produced differing levels of temptation among participants 
conditional on their enjoyment of the food. A manipulation check question also 
indicated that participants only felt somewhat tempted by the chocolate chip cookies. 
Chocolate chip cookies were used as the food cue due to practical concerns for the 
feasibility of executing the protocol. Using a food cue more personally relevant to 
each participant that capitalizes on their tempting food preferences may have 
increased the effectiveness of the cue exposure depletion task.  
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An additional explanation for the lack of depletion occurring could be the 
highly adherent nature of the undergraduate sample. In many cases, it was noted that 
when the assessor delivered the line, “Please refrain from eating the chocolate chip 
cookies,” before leaving the participant alone in the room, the participants made 
remarks indicating that they would follow instructions. In particular, one participant 
mentioned during the debriefing that, “Since you told me not to eat the cookies, I 
wasn’t even tempted.” The phrase delivered for refraining from eating the cookies 
may have been too explicit. It ensured that participants would follow instructions, 
leaving little room for temptation and in turn depletion from resisting temptation.  
4.3 Secondary Aims 
 Moderation analyses were conducted to elucidate the relationship between 
condition and persistence on the unsolvable puzzles. Gender, body parts satisfaction, 
dietary restraint and trait self-control were selected as potential moderators based 
upon prior research within the literature on self-control depletion and PA. Results 
indicated that the concern for dieting subscale of the restraint scale had a large effect 
as a moderator. This scale assesses individuals’ chronic motivation to control their 
weight through dieting. Those with less concern for dieting persisted longer at the 
unsolvable puzzles than those who reported greater concern for dieting. This 
relationship was strongest for those participants in the control without PA condition.  
It would have been expected that restraint would have played the largest role in the 
cue exposure depletion condition. For participants already engaging in restrained 
eating, requiring them to resist tempting food should have produced a greater amount 
of self-control depletion. Research has shown that palatable food cues elicit hedonic 
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thoughts more strongly in chronic dieters than in non-dieters (Papies, Stroebe, & 
Aarts, 2008).  
When concern for dieting is low, participants in the control without PA 
condition are spending the greatest amount of time persisting at the unsolvable 
puzzles, but when concern for dieting is high, participants in the cue exposure 
depletion condition are spending the greatest amount of time persisting at the 
unsolvable puzzles. It may be that the PA tasks were so fatiguing such that restraint 
no longer had an effect on participants’ ability to persist in the face of frustration.  
Associations between performance on the pre-test PA tasks and participant 
characteristics were also evaluated, in addition to the feasibility of employing these 
novel measures of short-term PA behavior. A significant positive correlation between 
handgrip time and plank time, as well as plank RPE and jump rope RPE indicates that 
either PA task is a promising replacement for the less ecologically valid, though often 
used, isometric handgrip task.  
Certain limitations regarding the use of the PA tasks as dependent measures 
vulnerable to self-control depletion are mentioned above. However, in terms of 
practicality, both PA tasks demonstrated potential as behavioral measures. All 
participants demonstrated prior experience with the plank task and were able to 
successfully complete it. This is a task that required no equipment and little space, 
making it a suitable choice for most laboratory settings. Adequate instruction for the 
task took less than two minutes for each participant and the greatest duration of 
persistence at the plank was three minutes, making it an advantageous measure of 
effort in short-term PA behavior.   
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The jump rope task also demonstrated potential, but exhibited limitations as 
well. Approximately 5% of the sample either did not have any prior experience with 
jumping rope or was not able to jump rope sufficiently enough to complete the task. If 
employing this type of task, it may be beneficial to ask participants during screening 
about their ability to jump rope. The calculations of the step count values during the 
jumping rope task for each participant were easily calculated using ActiLife and 
provided a variable corresponding to effort exerted during the jumping rope task. In 
regards to potential for use as a dependent measure in future studies, it should be 
noted that the three minute bout of jumping rope was an intense, physical exercise for 
all participants regardless of their fitness level and its impact on other tasks within an 
experimental protocol should be taken into account when designing future studies. 
Overall, however, results suggest that these PA tasks (isometric plank exercise task, 
short bout of jumping rope) are appropriate to provide the prerequisite outcome 
variables to evaluate the extent that self-control depletion has an effect on effort 
exerted in short-term PA behavior. 
4.4 Exploratory Aims 
Participant debriefings provided some insight into the effectiveness and 
validity of the experimental protocol. The majority of participants believed that the 
puzzle was in fact solvable. This is a key aspect of the dependent measure. In order 
for the puzzles to elicit the necessary frustration to require self-control to override the 
impulse to give up, participants must believe that there is a chance of success at 
solving the puzzle. 
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Participants were also asked what kind of thoughts and feelings they were 
experiencing when they chose to give up. The vast majority of participants indicated 
some type of frustration as their main reason for giving up on the puzzles even though 
they believed they would eventually be able to solve the puzzle. It might be expected 
that participants from an undergraduate sample would be likely to rush through a 
study visit in an attempt to finish as quickly as possible, but only a single participant 
noted that time was a concern and served as their main reason for giving up on the 
puzzle. This information provides support that the dependent measure was eliciting 
the frustration needed for it to be a valid measure of self-control depletion.  
4.5 Limitations 
Although the iterative process of refining the experimental protocol provided 
many strengths, several limitations are worth noting. It is possible that the small 
sample size contributed to difficulty detecting significant results. A study employing 
the same experimental protocol with a larger sample size may convert the trend level 
significance to true significance for the main outcome.  
The protocol developed during the iterative process is highly novel. There is a 
lack of evidence within the literature for “best practices” for using a tempting food 
cue to deplete self-control resources. Only two studies are known to have employed a 
sham taste and rate task with the intent of depleting self-control by requiring 
participants to resist the impulse to eat a tempting, highly appealing food (Baumeister 
et al., 1998; Geeraert & Yzerbyt, 2007). Potentially, other studies have attempted to 
deplete self-control with a similar protocol, but as with this protocol, did not find 
success. It may be that depletion tasks are more salient in other domains related to 
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self-control such as interpersonal behavior or decision-making. The lack of evidence 
within the literature left many unanswered questions during the development of the 
protocol, particularly for the cue exposure task. 
 There was little direction within the literature for the phrasing of the 
instructions delivered by the assessor to refrain from eating the tempting food. It was 
important to frame the instructions in a manner that would allow the participants to 
believe that they could potentially indulge in the chocolate chip cookies without any 
consequences, but it also needed to be clear that this would be an action in 
contradiction of the wishes of the assessor. Therefore, by not eating the chocolate 
chip cookies while the assessor left the room, participants would be overriding an 
impulse. As mentioned prior, it may be that participants from this sample were too 
adherent and when told to refrain from eating the cookies, there was little room for 
temptation so that the enticing cookies did not produce the expected degree of 
depletion. The phrasing of the instructions matters greatly in creating the ideal 
situation that elicits temptation and produces self-control depletion.  
Additionally, noting that the PA tasks were producing depletion across 
conditions, it would have been useful to obtain fitness information for participants. It 
would have been beneficial to control for participants level of fitness due to the 
differing levels of depletion produced by the PA tasks. This would have provided 
clarification for how the depleting effects of the PA tasks may affect individuals of 
diverse fitness levels.  
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4.6 Conclusions and Future Directions 
 Results from the present study suggest that depleting self-control in a 
laboratory setting using a cue exposure paradigm is a challenging avenue for studying 
the effects of depletion on PA behavior, and further refinement of the experimental 
protocol for this type of novel cue exposure task is needed. The present study did 
establish that engaging in strenuous PA tasks in a laboratory setting has the potential 
to deplete participants such that this depletion interferes with the ability to detect 
effects from a manipulation of depletion in another domain (i.e. cognitive, controlling 
impulses).  
The present study is the first step towards elucidating the relationship between 
self-control depletion and PA intention, behavior and adherence. The novel measures 
of short-term PA behaviors evaluated were established as feasible and valid 
dependent measures in a dual task paradigm. Future research is warranted to further 
develop an experimental protocol that maximizes the ecological validity of a self-
control depletion task, while maintaining its effectiveness at depleting self-control 
resources, as well as definitively concluding that the PA tasks are vulnerable to self-
control depletion.  
 
 
 
 
Tables 
Table 1. Between condition comparisons on baseline measures.  
 
   Depletion No depletion   
  Full Sample Cue exposure Cognitive task Control Without PA   
 n   Mean (SD)  F p 
BMI 64 23.89 (3.9) 23.06 (3.77) 23.84 (4.12) 24.03 (4.28) 24.03 (4.27) 0.19 .91 
Cookie enjoyment rating 64 4.05 (0.76) 3.84 (0.81) 4.18 (0.83) 4.25 (0.68) 3.87 (0.72) 1.100 .35 
Hunger rating 
Body Dissatisfaction 
Restraint-Total 
Restraint-Concern for Dieting 
Restraint-Weight Fluctuation 
64 
64 
64 
64 
64 
3.20 (1.02) 
57.69 (9.10) 
23.26 (5.15) 
13.80 (3.32) 
13.39 (3.01) 
3.56 (1.03) 
57.94 (9.61) 
22.84 (6.02) 
14 (4.06) 
14.06 (2.81) 
3.19 (0.98) 
58.81 (7.58) 
23.31 (5.73) 
13.81 (2.93) 
14.81 (2.69) 
2.94 (1.12) 
58.68 (8.74) 
23.69 (5.02) 
14.12 (3.24) 
12.44 (2.80) 
3.13 (0.96) 
55.31 (10.61) 
23.25 (4.05) 
13.25 (3.21) 
12.25 (3.19) 
1.05 
0.50 
0.07 
0.21 
3.00 
.38 
.68 
.97 
.89 
.06 
Trait Self-Control 64 33.5 (6.18) 35.44 (4.62) 36.56 (5.89) 31.37 (6.38) 30.62 (5.99) 4.16 .01 
Plank task, RPE 
Jump Rope task, RPE 
Plank, time (s) 
Handgrip, time (s) 
48 
48 
48 
48 
14.90 (2.27) 
16.49 (2.74) 
72.10 (35.04) 
58.27 (55.16) 
15.19 (1.56) 
16.81 (2.71) 
65.38 (30.72) 
53.13 (50.58) 
14.25 (2.98) 
15.93 (2.86) 
74.31 (38.28) 
46.25 (49.17) 
15.25 (2.05) 
16.44 (2.78) 
76.63 (36.94) 
63.61 (63.61) 
- 
- 
- 
- 
0.97 
0.38 
0.45 
1.24 
.38 
.68 
.61 
.29 
Jump Rope, steps 12 284.84 (91.48) 375.66 (26.630 195.80 (47.54) 284.83 (56.65) - 15.98 .001 
Note. Hunger and chocolate chip cookie enjoyment rating were rated on a scale from 1 (not at all) to 5 (extremely). 
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Table 2. Manipulation check  
 
 Depletion No depletion   
 Cue exposure Cognitive task Control Without PA   
  Mean (SD)   F p 
Fatigue 3.31 (1.08) 2.38 (1.02) 2.88 (1.02) 2.88 (1.02) 2.40 .08 
Difficulty following instructions 1.56 (0.96) 2.75 (1.06) 1.88 (1.02) 1.44 (0.63) 6.39 .001 
Temptation to eat cookies 1.75 (0.93) - - - -  
Note. Participants were asked to rate fatigue, difficulty and temptation on a scale from 1 (not at all) to 5 (extremely). 
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Table 3. Between Group Comparisons of Dependent Measure; time spent on unsolvable puzzles (min) 
 
  Depletion  No depletion    
  Cue exposure  Cognitive Task  Control  Without PA    
 n M(SD) n M(SD) n M(SD) n M(SD) F p p2 
Phase 1 
(n = 18) 
7 12.49 (7.42) 6 9.15 (2.44) 5 10.10 (6.58)  - 1.56 .25 .18 
Phase 2 
(n = 31) 
11 11.67 (8.05) 12 7.28 (2.97) 8 7.90 (4.76)  - 1.51 .24 .10 
Phase 3 
(n = 59) 
16 11.11 (7.89) 16 7.70 (3.20) 11 6.69 (4.54) 16 12.41 (7.93) 2.63 .06 .13 
Note. n is cumulative for each phase with the exception of Phase 1 controls (n = 5) that were excluded in Phase 2 & 3 analyses. In 
Phase 2 the control condition was modified to use easy version of crossing out letters task. In Phase 3, the fourth condition (control 
without PA) was added.  
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Table 4. Correlations between the dependent variable and participant characteristics.  
 
Participant characteristics Male Female Fisher z 
 n = 28 n = 36  
Body Parts Satisfaction 0.04 0.03 0.04 
Restraint, total 0.04 -0.03 0.26 
Restraint, weight fluctuation 0.09 0.25 -0.62 
Restraint, concern for dieting -0.06 -0.08 -0.08 
Trait self-control 0.05 0.23 -0.69 
Note. The Fisher z transformation tests compare the magnitudes of the correlations coefficients for males and females. 
* p < .05, ** p < .01 
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Table 5. Moderation of the relationship between condition and degree of self-control depletion (time spent on unsolvable puzzles) 
 
  b SEb β p2 
Model 1 Gender -0.62 0.50 -0.30 .01 
 Cue exposure depletion 0.10 1.21 0.04 .04 
 Cognitive depletion -2.01 1.15 -0.87 .06 
 Control -1.83 1.57 -0.79 .08 
 Interaction of Gender and Cue exposure depletion -0.19 0.71 -0.14 .01 
 Interaction of Gender and Cognitive depletion 0.87 0.70 0.60 .02 
 Interaction of Gender and Control 0.68 0.70 0.47 .02 
Model 2 Body Dissatisfaction -0.01 0.02 0.114 .61 
 Cue exposure depletion -0.236 2.05 -1.54 .07 
 Cognitive depletion -0.40 2.40 -0.17 .01 
 Control -1.45 2.18 -0.63 .06 
 Interaction of Body parts satisfaction and Cue exposure depletion 0.06 0.04 1.50 .20 
 Interaction of Body parts satisfaction and Cognitive depletion -0.01 0.04 -0.10 .19 
 Interaction of Body parts satisfaction and Control 0.01 0.03 0.33 .18 
Model 3 Restraint 0.09 0.06 -0.47 .44 
 Cue exposure depletion -2.14 1.80 -0.92 .10 
 Cognitive depletion -3.19 1.83 -1.38 .08 
 Control -3.91 1.93 -1.7 .15 
 Interaction of Restraint and Cue exposure depletion 0.08 0.07 0.85 .33 
 Interaction of Restraint and Cognitive depletion 0.11 0.07 1.15 .18 
 Interaction of Restraint and Control 0.13 0.08 1.43 .21 
Model 4 Restraint, Concern for Dieting -0.22 0.07 -0.74 .46 
 Cue exposure depletion -3.39 1.34 -1.47 .01 
 Cognitive depletion -3.65 1.56 -1.58 .03 
 Control -4.65 1.49 -2.02 .07 
 Interaction of Restraint, Concern for Dieting and Cue exposure depletion 0.24 0.09 1.53 .31* 
 
 
  b SEb β p2 
 Interaction of Restraint, Concern for Dieting and Cognitive depletion 0.23 0.11 1.40 .21* 
 Interaction of Restraint, Concern for Dieting and Control 0.29 0.10 1.84 .19* 
Model 5 Restraint, Weight Fluctuation 0.01 0.07 0.04 .27 
 Cue exposure depletion -1.04 1.63 -4.5 .00 
 Cognitive depletion -2.77 1.73 -1.2 .07 
 Control -1.61 1.52 -0.70 .11 
 Interaction of Restraint, Weight Fluctuation and Cue exposure depletion 0.05 0.12 0.36 .06 
 Interaction of Restraint, Weight Fluctuation and Cognitive depletion 0.14 0.12 0.93 .17 
 Interaction of Restraint, Weight Fluctuation and Control 0.07 0.12 0.39 .09 
Model 6 Trait Self-Control 0.01 0.04 0.04 .52 
 Cue exposure depletion -2.58 2.35 -1.12 .04 
 Cognitive depletion -2.53 2.06 -1.09 .36 
 Control -1.62 1.82 -0.70 .13 
 Interaction of Trait Self-Control and Cue exposure depletion 0.06 0.06 1.02 .39 
 Interaction of Trait Self-Control and Cognitive depletion 0.05 0.06 0.82 .03 
 Interaction of Trait Self-Control and Control 0.02 0.05 0.39 .43 
* p < .05 
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Table 6. Correlations between pre-tes PA performance and participant characteristics.  
 
Participant characteristic and 
pre-test PA performance 
Male Female Fisher z 
 n = 28 n = 36  
Hand grip, time    
  Plank time 0.21 0.49* -1.22 
  Plank, RPE 0.31 -0.08 1.51 
  Jump rope, steps -0.83 -0.10 -0.99 
  Jump rope, RPE 0.27 0.27 0.0 
  BMI 0.04 -0.36 1.57 
  Trait self-control 0.01 -0.30 1.21 
  Body Parts Satisfaction 0.14 0.03 0.42 
  Restraint, total -0.05 -0.12 0.27 
  Restraint, concern for dieting 0.01 -0.24 0.96 
  Restraint, weight fluctuation -0.15 -0.25 .39 
Plank, time      
  Plank, RPE -0.30 0.05 -1.36 
  Jump rope, steps -0.21 0.54 -0.75 
  Jump rope, RPE 0.01 .26 -0.97 
  BMI -0.35 -0.36 0.04 
  Trait self-control .017 .06 0.42 
  Body Parts Satisfaction 0.07 0.11 -0.15 
  Restraint, total 0.06 -0.07 0.49 
  Restraint, concern for dieting .20 -.13 1.26 
  Restraint, weight fluctuation .01 .01 0.0 
Plank, RPE    
  Jump rope, steps .28 -.34 0.59 
 
 
Participant characteristic and 
pre-test PA performance 
Male Female Fisher z 
  Jump rope, RPE -.01 .42* -1.73 
  BMI -0.16 0.20 -1.37 
  Trait self-control -.031 -0.08 -0.91 
  Body Parts Satisfaction -0.16 .01 -0.65 
  Restraint, total -0.17 0.12 -1.10 
  Restraint, concern for dieting 0.01 0.10 -0.34 
  Restraint, weight fluctuation -0.13 -0.27 0.55 
Jump rope, steps    
  Jump rope, RPE -0.42 -0.60 0.22 
  BMI -0.09 -0.60 0.55 
  Trait self-control -0.69 0.05 -0.82 
  Body Parts Satisfaction 0.96* 0.12 1.67 
  Restraint, total 0.22 0.32 -0.10 
  Restraint, concern for dieting -0.89 0.41 -1.70 
  Restraint, weight fluctuation -0.80 0.10 -1.09 
Jump rope, RPE    
  BMI 0.06 -0.12 0.68 
  Trait self-control -0.23 -0.20 -0.12 
  Body Parts Satisfaction -0.51* 0.03 -2.24* 
  Restraint, total -0.04 -0.17 0.50 
  Restraint, concern for dieting -0.09 -0.23 0.54 
  Restraint, weight fluctuation -0.08 -0.24 0.62 
Note. The Fisher z transformation tests compare the magnitudes of the correlations coefficients for males and females. For jump rope, steps variable male n = 4; 
for jump rope steps, variable female n = 8. 
* p < .05, ** p < .01 
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Figure 1. Timing of study visit.  
 
Phase I: Pre-test (20 min) 
Explanation of study/Informed consent (3 min) 
Weight/height (1 min) 
 
Self-report: 
 Rating of hunger (1 min) 
 BPSS-R (1 min) 
 RRS (1 min) 
 SCS (1 min) 
 
Physical Activity tasks: 
 Isometric handgrip task (3 min) 
 Isometric plank exercise task (4 min) 
 Jump rope task (5 min) 
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Phase II: Experimental Manipulation (10 min) 
Condition 1: Presence of tempting food: freshly baked chocolate chip cookies (10 
min) 
 
Condition 2: Crossing-out letters (10 min) 
 
Condition 3 (control): Easier version of crossing-out letters (10 min) 
 
Condition 4 (control without PA tasks): Easer version of crossing-out letters (10 
min) 
 
Phase III: Post-test (26 min): 
Manipulation check (1 min) 
Dependent measure of self-control depletion (≤25 minutes) 
Study Visit Duration: ≤56 min 
5
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Figure 2. Results from final analysis of primary aim comparing condition on persistence on unsolvable puzzles.  
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Figure 3. Moderating of effect of restraint (concern for dieting) on relationship between condition and persistence on unsolvable 
puzzles 
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APPENDIX B: Measures 
 
Borg CR10 Scale Rating of Perceived Exertion 
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Revised Restraint Scale (RRS) 
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Body Parts Satisfaction Scale – Revised (BPSS-R) 
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Taste and Rate Questionnaire 
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Taste and Rate Questionnaire 
 
1. Please rate the visual appearance of the chocolate chip cookies. Do they 
look visually appealing?  
 
 1 2 3 4 5 
Not at all appealing                 Somewhat appealing                     Very appealing 
 
 
 
2. Please rate the aroma of the chocolate chip cookies.  Do they smell 
appealing? 
 
 1 2 3 4 5 
  Not at all appealing                  Somewhat appealing                  Very appealing 
 
 
 
3. Please rate the taste of the chocolate chip cookies. Do you enjoy the taste 
of them? Do they taste good? 
 
 1 2 3 4 5 
Not all enjoyable               Somewhat  enjoyable                    Very enjoyable 
 
